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|lN-DEPTH REVIEW 

^ieutroDhil and Monocyte Alterations in Ghronic Dialysis Patients 

Sharon L. Lewis, PhD, and Dennis E. Van Epps, PhD 

Chronic renal failure patients maintained on dialysis have an increased risk tor infection. This article summa- 
rizes research that has been done on the function of neutrophils (PMNs) and monocytes from chronic hemodialy- 
sis (HD) and continuous ambulatory peritoneal dialysis (CAPO) patients. The studies involving the HD patients 
showed that there is a idecreased PMN in vitro chemotactic response, d ecreased C5a receptors on both PMNs and 
monocytes, and n ^^r^a^^d oxidative metabolic responses of PMN^ and monocytes to the chemotactic stimuli C5a 
antrrofTnyl-met-leuTphe (fMLP). but not to nonchemotaclic tactoft. The results of studies involving phagocytosis 
have been conflicting and are discussed in this paper. Due to the basic principles of peritoneal dialysis, this 

'treatment approach depletes the peritoneum of phagocytic cells, adversely affects the function of peritoneal 

iWBCs dilutes the existing opsonins, and alters the physiologic environment of the peritoneal cavity. Studies of 
peripheral PMN and monocyte function inCAPD patients have shown that, similar to HD patients, they also have 

'decreased C5a receptors and decreased oxidative metabolic responses to the chemotactic factors C5a and fMLP. 

^Although the factors contributing to the risk of infection in chronic dialysis patients are multifaceted. there are 

; definitely alterations in PMN and monocyte function. 

i ^ 1987 by the National Kidney Foundation, /nc. 
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ALTHOUGH IT HAS BEEN known for many 
years that patients with chronic renal failure 
:(CRF) have an increased susceptibility to infec- 
jtion, the mechanisms involved in this increased 
risk for infection are only panially understood. 
The purpose of this article is to summarize what is 
known about neutrophil (PMN) and monocyte 
function in CRF patients, primarily those main- 
- tained on hemodialysis (HD) and continuous am- 
bulatory peritoneal dialysis (CAPD). 

In 1968, Montgomerie et al reponed a 60% inci- 
dence of infection in hospitalized CRF patients and 
noted that infection was a major cause of death in 
38 % of these patients. ' Although the incidence has 
decreased, infection continues to be a conrmion 
cause of morbidity and death among chronic dialy- 
sis patients.^ The percentage of reported deaths 
due to infections varies among HD populations 
(Table 1). 

Bacteria account for a majority of the infections 



in HD patients with Staphylococcus aureus the 
most common causative organism followed 
closely by Staphylococcus epidermidis and Es- 
ch^richia colL^'^-^^ The most common sites of bac- 
terial infections include vascular access sites, 
lungs, and urinary tract. 

CAPD is increasingly being used to treat pa- 
tients with CRF. Although many advances have 
been made in CAPD during the past 10 years, bac- 
terial peritonitis remains the major complication. 
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Table 1. Percentage of Deaths in Chronic 




HD Patients Due to Infection 




Deaths 


No. of 


Length of 




(%) 


Patients 


Observation (yr) 


Ref. No. 


19.8 


445 


4 


3 


19.8 


1014 


11 


4 


24.0 


333 




5 


35.7 


24 


14 


6 


13.1 


1453 


6 


7 


15.7 


83 


10 


8 


14.9 


373 


10 


9 



Peritonitis will occur at least once in 60% of 
CAPD patients with an overall rate of 1 .4 episodes 
a year.** In addition to peritonitis, CAPD patients 
have a high incidence of exit-site and tunnel infec- 
tions that frequendy lead to peritonins. In CAPD, 
the origin of infection is most often exogenous 
with S epidermidis and S aureus the most common 
infecting organisms. "-^^ Although the mortality 
rate due to peritonitis is actually low," frequent 
bouts of peritonitis often necessitate the termina- 
tion of CAPD. 

OVERVIEW OF PHAGOCYTIC CELL FUNCTION 

The primary purpose of PMNs and monocytes is 
to defend against injury and infection. These cells 
are mobilized from circulation to the site of injury 
by a process known as chemotaxis, which is the 
migration of WBCs along a concentration gradient 
of chemoattractant to the site of injury or infec- 
tion. The interaction of the WBC and the chemo- 
tactic factor is mediated through specific receptors 
on the WBC surface. Chemotactic factors also 
elicit numerous other responses in PMNs and 
monocytes, including aggregation (adherence of 
cells to each other), increased adherence, enzyme 
release, degranulation, and oxidative metabolism. 
Many of the same metabolic and degranulating re- 
sponses occur during phagocytosis. When a mi- 
croorganism or insoluble immune complexes are 
phagocytized, the cell undergoes a burst in O^ con- 
sumption followed by the conversion of molecular 
0: to extremely toxic O2 radicals (a reaction re- 
ferred to as oxidative metabolism). The toxic -O2 
derivatives, including superoxide anion (O2"), hy- 
drogen peroxide (H2O2), hydroxyl radical (OH"), 
and single oxygen (*02), are directiy involved in 
the killing of microorganisms, tissue damage, and 
cytotoxic activity. H2O2 is one of the most impor- 
tant intermediates in mediating bactericidal activ- 
ity and has been shown to interact with halide ions 



(usually chloride) using myeloperoxidase (MPO), 
released from intracellular PMN granules, as a 
catalyst to form hypochlorous acid, which also has 
potent antimicrobial activity. 

The studies described in this review involve the 
determination of many different WBC functions, 
including chemotaxis, phagocytosis, and various 
components of oxidative metabolism. Methodolo- 
gic techniques are described where appropriate, 
especially to explain differences in findings. 

WBC FUNCTION IN 
CHRONIC HEMODIALYSIS PATIENTS 

Changes in WBC Counts During, HD 

Profound leukopenia (primarily limited to 
PMNs and monocytes) occurs in patients within 30 
minutes of being on HD'^>^ (Fig 1). The leuko- 
penia is the result of sequestration of leukocytes in 
the pulmonary capillary circulation. Interaction of 
the dialyzer membrane with the patient's blood 
causes activation of the alternate pathway of com- 
plement to generate the biologically active com- 
plement component C5a.'* Activation of PMNs 
and monocytes with C5a results in aggregation of 
PMNs and increased adherence of these cells to 
endothelial surfaces of capillaries. This activation 
leads to pulmonary leukostasis as a result of 
margination of PMNs and monocytes in the mi- 
crovasculature of the lungs. These C5a-mediated 
changes are contributing factors in the acute pul- 
monary pathologic changes of leukostasis found 
during the first 30 minutes to one hour after dialy- 
sis is initiated. '-20 Within one to two hours of 
initiating HD, there is rebound leukocytosis that 
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fig 1. Model for dialysis-induced leukopenia and^ 
leukocytosis. 
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fcaxi be attributed to either return of the WBCs into 
^circulation from the lungs »^ and/or bone marrow 
[ release of immature (band) PMNs into circula- 
jtion.^5^^^-" 

There have been many studies involving the re- 
llationship between different dialysis membranes 
I and the extent of complement activation and/or de- 
gree of leuk:openia.2**2* xhe most common mem- 
branes studied have been different cellulose prod- 
ucts, including cupraammonium cellulose, regen- 
erated cellulose, and cellulose acetate. In addition, 
noncellulose membranes such as polycarbonate, 
I pdlysulfbne, polymethylmethacrylate, and poly- 

■ acrylonitrile have also been investigated. These 
\ studies have shown that cellulose membranes have 
i the most and noncellulose membranes the least po- 
! tential to cause complement activation and neutro- 
! penia."-^^ In addition, the average predialysis 
\ WBC count of patients using cellulose dialyzers 

was lower than when the same patients were 
, treated with polyacrylonitrile dialyzers.^*-^^ Other 

■ studies have shown profound activation of the 
: complement system by the alternate pathway (as 
I indicated by high plasma C3a levels and an ab- 
; sence of C4a elevation) with cupraammonium cel- 
j lulose membranes, moderate activation with cellu- 
I lose acetate membranes, and minimal activation 
I with polyacrylonitrile membranes. ^2.36.37 

I Granulocyte Function 

A summary of granulocyte function is presented 
r in Table 2. 

1 Alterations in the PMN chemotactic response. 
\ A consistent finding in in vitro studies of patients 
! on HD is a defect in chemotaxis. Baum et al*^ 
\ demonstrated an improvement of depressed in vi- 
; tro chemotactic responsiveness after the initiation 
of maintenance HD treatment in uremic patients. 
However, there is more evidence that HD does not 
improve the leukocyte function and may actually 
have a detrimental effect on PMNs. Using an in 
vitro model for HD, Henderson et al** showed that 
contact of normal whole blood pumped through 
; cellulose membranes depressed the chemotactic 
j properties of normal PMNs. This defect became 
i more progressive with the duration of HD.. Greene 
; et al'^ showed a depressed in vitro chemotactic re- 
1 sponse of PMNs from HD patients to chemotactic 
I factor from E coli bacteria that was mor-e profound 
I than in patients on conservative treatment. They 
; also demonstrated a progressive deterioration in 



the PMN chemotactic response with multiple HD 
treatments. These findings were confirmed by 
Bjorksten et al^** who found a depressed response 
of PMNs from HD-treated patients to E coli and 
zymosan-activated serum. In addition, it was 
found that impaired chemotactic responsiveness 
could develop after several dialyses in uremic pa- 
tients whose initial chemotactic response was nor- 
j^aL 39.40 These studies indicate that possible harm- 
ful effects of HD on the chemotactic response of 
PMNs cannot be excluded. 

The relationship between the defect in PMN 
chemotaxis and increased susceptibility to infec- 
tion in HD patients remains speculative. Patients 
with defective PMN chemotaxis are known to 
have an increased frequency of bacterial infec- 
tions.*' In dialysis patients, however, many other 
factors such as poor nutrition and vascular access 
sites are also major contributing factors to infec- 
tion.***^ Nevertheless, the implication is that a 
chemotactic defect certainly decreases the capacity 
of these patients to defend against bacterial infec- 
tions. 

Chemotactic receptors, A possible mechanism 
for the decreased chemotactic response in HD pa- 
tients is an alteration in the chemotactic receptors. 
This question was addressed in our studies where 
the binding of several fluorescent chemotactic fac- 
tors to PMNs and monocytes from these patients 
were assessed. *''*^** The results of these studies in- 
dicated there was a significant decrease in the per- 
centage of PMNs capable of binding C5a, but no 
difference in the binding of fluorescent formyl- 
methionyl-leucyl-phenylalanyl-lysine (fMLPL) as 
compared to controls. 

As stated earlier, during the HD procedure, 
there is continual generation of C5a due to mem- 
brane-induced activation of the complement sys- 
tem. Chenoweth et al" found that the predialysis 
plasma C5a levels in HD patients were higher than 
in controls. Thus, these patients are exposed to 
high concentrations of C5a that may modulate the 
number of available C5a receptors on PMNs and 
monocytes. It is possible, therefore, to explain the 
decreased responsiveness of the PMNs and mono- 
cytes from the HD patients due to C5a down-regu- 
lation of this receptor secondary to continual 
generation of C5a from complement activation by 
the HD membrane. This explanation is supported 
by other studies involving deactivation of chemo- 
tactic-responsive -cells. These studies showed 
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Table 2. Granulocyte Function in Chronic HD Patients 



Parameters 



PMN chennotaxis 



Chemotactic receptors 



Fc receptors 
PMN phagocytosis 

Oxidative metabolism 
CL response 



Superoxide generation 
H202 production 



Oxygen consumption 
Glucose uptake 
Lactate production 
HMPS activity 
MPO release 

PMN reduction of NBT 



PMN adherence 

PMN bactericidal capacity 



Opsonization and bactericidal 
activity of serum 



Findings 



Factor/Stimulus 



Ref. No. 



i 

Normal 
Normal 
i 

Normal 
Normal 
Normal 
Normal 
i 

T 
i 

Normal 
Normal 

i 

T 

Normal 
i 
I 
I 
i 
T 

Normal 

I 

Normal 
i 
i 

Normal 
Normal 
Normal 

i 

Normal 
i 
T 
i 



Bacterial endotoxin-activated serum 
E coli bacterial factor 
£ coli. zymosan-activated serum 
Zymosan-activated plasma 
Zymosan-activated plasma. 

cellophane-incubated plasma, 

supernatants from £ coli cultures 
iinmune complexes, whole 

£ coti bacteria 
Pooled inactivated human serum, 

casein, zymosan-activated 

autologous serum 
C5a. fMLP 
S aureus 
fMLP 
C5a 

Casein. fMLP 
fMLP 



Resting levels 
PMA 
Zymosan 
PMA 

C5a. fMLP 

PMA 

PMA 

C5a. fMLP 

PMA, opsonized zymosan 
PMAi opsonized zymosan 
PMA, opsonized zymosan 
PMA, opsonized zymosan 
PMA 

C5a, fMLP 
Resting cells 
Phagocytizing cells 
Resting cells 

5 aureus 

S aureus, E coli, 

Bacteroides fragilis 
S aureus. E coli 
S aureus, C albicar)S 
E coli, S aureus 
Bacillus subtHis 
Proteus rettgeri 



41 



40, 
42 



44, 46, 
38, 45, 54. 



44 



45 



48 
45 
41 
50 
50 
22^ 
49-51 
52-56 
57-59 



49 
49 



51, 
38 



55 
45 



60 
30 
46 
48, 60 
46 
22 
48 
48 
47 
47, 
47 
47 
48. 
48 
44, 60 
44 
58. 61^3 
62, 63: 
46. 55 
44 



38 



54. 
52, 55. 

59^ 
64^ 



Abbreviations: HMPS, hexose monophosphate shunt; NBT, nitroblue letrazotium 

that preexposure of PMNs to chemotactic factor 
resulted in a decrease in the number of receptors 
available for subsequent chemotactic factor bind- 
ing. 

The characteristics of chemotactically deactiva- 
ted cells have not been fully evaluated nor is the 
clinical significance of chemotactic deactivation 
known. In a group of studies by Solomkin et aV^ '^^ 



involving patients with trauma and infection, pos-| 
sible mechanisms for abnormal chemotactic and| 
bactricidal ability of PMNs were investigated.| 
They found decreased in vitro chemotactic responj 
siveness of PMNs to both fMLP and C5a, and re| 
ceptor analysis showed a specific loss of C5a bind| 
ing and normal or enhanced fMLP bindingj 
Plasma levels of C3a were elevated as comparedjg 
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Ithe controls, and there was a linear relationship 
I; between plasma C3a levels and decreased in vitro 
! pMN chemotactic response to C5a and fMLP, in- 
dicating nonspecific deactivation. Similar findings 

■ were also found in patients with adult respiratory 

■ distress syndrome (ARDS).®°-** In two different 
studies involving these patients, plasma C3a levels 
were increased and there was a profound depres- 

: sion in PMN chemotaxis to fMLP and a fourfold 
; elevation of lysosomal enzyme release relative to 
; PMNs from healthy controls. 

These studies involving patients with trauma, in- 
; faction, and ARDS indicate that deactivation and 
' degranulation in response to high circulating levels 
\ of complement components are at least partially 
i responsible for the abnormalities in PMNs ob- 
I tained from these patient groups. It may be that 
i similar results of complement activation occur in 
HD patients. 

Oxidative metabolism. In addition to mobiliz- 
iiig PMN to the site of injury or infection, chemo- 
: tactic factors also stimulate PMN and monocyte 
\ oxidative metabolism. There have been a limited 
: number of studies that have investigated the oxida- 
I tive metabolism of PMNs from HD patients. In 
: our previous studies,*^ chemotactic-factor-stimu- 
i lated oxidative responses and degranulation were 
studied using superoxide anion generation, H2O2 
; production, and MPO release to measure the re- 
i sponse of PMNs or monocytes. The ability of 
i PMNs and monocytes from HD patients to pro- 
duce superoxide anion and H2O2 in response to 
\ C5a and fMLP was significantly lower than nor- 
mal controls. Similar results were obtained with 
I MPO release from PMNs. When either PMNs or 
; monocytes were stimulated with phorbol myristate 
. acetate (PMA), however, no difference between 
the patients and controls was observed. These data 
\ suggest that the abnormal responses of PMNs are 
restricted to C5a and fMLP. Although the reduc- 
tion in response to C5a is easily explained by a loss 
of C5a receptors, the abnormal response to fMLP 
is not totally understood. 

Modulation of chemotactic factor receptors in 
HD patients may be a contributing factor in these 
patients* increased risk to infection by preventing 
the normal function of C5a in an inflammatory re- 
sponse. The observed reduction of chemotactic- 
factor-stimulated superoxide generation, H2O2 
production, and MPO release in response to C5a 
and fMLP may be an important part of decreased 
resistance to infection, since the production of 



oxygen radicals and the release of MPO are criti- 
cal to the killing of microorganisms. 

Chemiluminescence <CL), a measurement of 
stimulated PMN to emit light, is frequently used to 
assess the oxidative burst in PMNs. Using both 
normal healthy controls and HD patients, Ritchey 
et al*** found that the resting values of CL from HD 
patients' PMNs in autologous serum were higher 
than control PMNs. The response of patients' 
PMNs to stimulation with PMA exhibited signifi- 
cantly less of an increase over resting values than 
did control cells. Cross-incubation studies were 
performed to evaluate the effects of serum from 
HD patients on CL. These demonstrated that the 
resting CL was significantly lower with HD cells 
in control serum when compared with HD cells in 
autologous serum. Light emission from patients' 
PMN in response to PMA, however, was similar 
in autologous and control serum. Cross-incubation 
studies with control PMN in either control or pa- 
tient serum indicated that the resting values of light 
emission were significantly elevated in the pres- 
ence of patient serum. There was no difference, 
however, in PMA-stimulated CL of PMNs placed 
in either autologous or patient serum. In summary, 
these results show that the resting CL from PMNs 
of HD patients is elevated. This is likely due to 
factors present in their serum that trigger a CL re- 
sponse. In addition, there is a reduced CL re- 
sponse to PMA in the predialysis period. Com- 
parison of postdialysis with predialysis PMN show 
that the resting levels of CL are significandy less 
postdialysis. but the PMA-stimulated values are 
not significantly different. 

A variety of PMN metabolic responses in HD 
patients studied by Briggs et al*'' used opsonized 
zymosan or PMA as stimuli. The results, which 
were consistent using either stimuli, showed that 
there was significant impairment of stimulated 
oxygen consumption, glucose uptake, and lactate 
production. There was no difference in the resting 
rates of oxygen consumption between patient and 
control groups. These results suggest that PMNs 
from HD patients have significant alterations in 
their glucose and oxygen metabolism as well as 
impaired intracellular energy production and 
availability. These alterations could contribute to 
granulocyte dysfunction and make these patients 
more vulnerable to infection. 

Phagocytosis. The results of studies involving 
phagocytosis by PMNs obtained from HD patients 
have been conflicting. These are briefly summa- 
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Table 3. Phagocytic Ability of PMNs 
From HD Patients' Phagocytic System 

Phagocytic Ref. 
Uptake Particles Serum/Plasma No. 



iNormai 






a** 


iNurmcii 




PaHont nr 








nurrnat oi^rum 




iNormai 


o aureus 


r aueni or 


DC. 




U aiOICano 


normal seruni 




Nfirmfli 


O qUICL/O 


Patient or 

1 Olid li \JI 


44 




£ co// 


normal serum 






Bacteroides fragilis 






Normal 


C. albicans 


Patient plasma 


53 


Normal 


S aureus 


Not indicated 


46 


Normal 


Latex particle 


Whole blood 


56 


i 


Latex particles 


Not present 


57 


i 


Bacillus substilis 


Patient or 


59 






normal serum 




i 


C albicans 


Patient or 


38 






normal serum 




I 


S aureus 


Patient serum 


54 


i 


£ coli 


Patient serum 


54 


I 


S aureus 


Normal serum 


58 


i 


Salmonella typhimurium 






i 


S epidermidis 


Patient or 


45 



normal serum 



rized in Table 2 and analyzed in more detail in 
Table 3. Different patient populations have been 
studied with little data concerning the duration of 
dialysis treatment to make proper comparisons be- 
tween the studies. Neither do these studies give 
specific information on which opsonins are in- 
volved in serum- or plasma-incubated particles. 
Analysis of these studies shows a wide variety of 
methodologies and, even in the same assay sys- 
tems, there are reported differences using the 
same bacterial strains or Candida albicans. The 
results of studies showing normal phagocytic ac- 
tivity were done using patient plasma or serum, 
therefore suggesting the exclusion of a possible de- 
pressive effect of the uremic serum on phagocytic 
ability. In general, it is difficult to derive any firm 
conclusions from this wide variety of findings. 

Adherence. Granulocytic adherence is an im- 
portant step in the chemotactic response because it 
precedes diapedesis of the cells through the vessel 
wall and migration into the tissues. It has been 
shown that adherence greatly enhances the oxida- 
tive and degranulation responses of PMNs to 
chemoaltractants.*^;" Adherence assays on CRF 
patients have produced variable results. 
Lespier-Dexier et al^^ and Abrutyn et aP^ found 
normal adherence in uremic patients not on dialy- 
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sis. Lespier-Dexter et al, however, found that HD 
patients had a significant impairment in PMN ad-: 
herence, and this reduction became progressive 
during the HD procedure but returned toward: 
baseline values at the end of the procedure. SpagJ 
nuolo et al^» found normal adherence in the pre-! 
dialysis period, but a decreased response at 15; 
minutes with return to normal levels by the end of 
dialysis. Although it is difficult to make any cour; 
elusions from these studies, it seems that if there is^ 
an adherence defect, it is due to HD and not a re-' 
suit of the disease process. 

Monocyte Function 

There is a scarcity of literature related to mono- 
cyte function in CRF patients. In many ways these 
cells' chemotactic. phagocytic, and bactericidal 
mechanisms are similar to PMNs. Thus, it would" 
seem possible that many of the PMN alterations 
discussed in the previous section could also bc; 
found in monocytes. 

Using the Rebuck skin window technique,^ 
Hanicki et al*^ demonstrated a decreased number 
of monocytes that migrated to the test site com-" 
pared to the controls. Using the same technique,^ 
Ringoir et aF^ showed no difference in the migra-] 
tion of monocytes of the HD patients compared to^ 
controls. The former study used dinitrochloroben-l 
zene (DNCB) as a stimulant and the latter a 1-cm; 
incision in the skin. Using the same skin window: 
technique, Ringoir et al measured the phagocytic^ 
activities (ingestion of carbon particles) of mono-| 
cytes from HD patients, dividihg them into twoj 
groups according to having received more or lessj 
than 4 months of HD. The phagocytic activity Im 
patients with < 4 months of HD had impaired pha-J 
gocytosis compared to controls. In contrast, pa-| 
dents on >4 months of HD had a significantly im-] 
proved phagocytic index and their results were notj 
significantly different than control values. 1 

Similar to our results with PMNs, monocytesj 
from HD patients showed decreased availability of j 
C5a receptors. This contrasted with no difference-j 
between controls and HD patients in the binding ofj 
casein or fMLR'*^-^** Chemotactic-factor-mediated! 
functional responses in monocytes as assessed byj 
superoxide anion generation, H2O2 production,| 
and MPO release were decreased in response to| 
C5a and fMLP in HD patients as compared to coa| 
trols, but no difference was found when PMA wa^ 
used as a stimulus. The same conclusions canbg 
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^ved as for PMNs in that the reduction in C5a 
^eptors and decreased responsiveness of mono- 
j^cs to chemotactic factors may contribute to an 
l^^oeased risk of infection in HD patients, 
t The metabolic activation of monocytes as deter- 
|jined by attachment, spreading, and reduction of 
l^blue tetrazolium has been shown to be signifi- 
^tntly enhmiced.^*^ This finding was interpreted as 
feign of nonspecific cdJular activation. However, 
&(bt same study, the in vitro phagocytic capacity 
fe monocytes for IgG-coated RBC was shown to 
& impaired. 

kjnifrMialysis Studies on H^C Funaian 

K Some studies have shown that the PMNs that re- 
|nain in the peripheral circulation during the 
Heukopenic period associated with HD are func- 
^tionally defective as compared to the same pa- 
;tient*s predialysis PMNs. These studies have 
?ihown (1) diminished CL response,^''*'' (2) de- 
?creased H^O^ secretion,** (3) abnormal chemotac* 
Jtic lesponse,^'*^' (4) fewer surface receptors for a 
pformylated pq^tide,*^ (5) decreased number of cir- 
pttlating Fc-reccptor-bearing PMNs,****' <6) de~ 
Ifective aggregation response,*'-**-^* and (7) dimin- 
:|ished PMN adherence,*'-^' 
I Altered oxidative metabolic responses of intra- 
iCdialysis PMNs were found in two different stud- 
Sics. Wissow et al*^ reported a decrease in light 
|emission among PMNs harvested 30 minutes after 
|lhe initiation of HD in response to S aureus op- 
l^bnized wiih either predialysis or dialyzed serum. 
|These findings were verified by Cohen et aF* who 
I ibund a significant decrease in CL in intradialysis 
|cells harvested at 15 minutes. This decrease oc- 
[Jcurred whedier ceils were responding to particle 
I ingestion (opsonized zymosan) or soluble stimuli 
[ (PMA or fMLP). No attempt was made in either of 
■^thesc studies to compare HD patients in the pre- 
Idialysfe period to normal controls. Additional de- 
|fects in oxidative metabolism were seen in two HD 
Jj>atiente studied by Cohen et aF^ who found de- 
creased E2O2 release by intradialysis PMNs in re- 
I spouse to PMA as compared to the same patients* 
i predialysis PMNs, 

I Other fimctional responses that have been shown 
ir to be defective in the intradialysis period include 
gchemotaxiSj aggregation, and adherence, Abnor- 
^|iiial in vitro PMN chemotactic response to E colt 
f;Cndotoxin-activated scrum was foiind in cells har- 
I vestCid at :M minutes into dialysis^' and to C5a des 



arg in cells harvested at 120 minutes into dialy- 
sis.'** Impaired aggregation of PMNs has been 
found in cells harvested (I) at 15 minutes intra- 
dialysis and using fMLP as a stimulus,^^ (2) at 20 
minutes intradialysis and using C5a des arg as a 
stimulus,^^ and (3) at 120 minutes intradialysis and 
using C5a des arg or fMLP as a stimulus. De- 
creased in vitro adherence of PMN 10 plastic sur- 
faces has been found with two adherence-aug- 
menting factors, IML? and endotoxin from £ coU, 
using cells harvested at 15 nunutes intradialysis/** 
and impaired adherence without the use of stimu- 
lating factors was also found at 20 niinutes intra- 
dialysis. 2* 

Our study on the analysis of chemotactic factor 
receptors throughout the HD procedure** has 
shown no significant difference in the percentage 
of PMNs or monocytes binding C5a, casein, or 
fMLPL at four different time intervals (0, 1/2, 2, 
and 4 hours). At the 15 to 30 minute iniradiaiysis 
period, previous investigators have shown 27% 
fewer PMN receptors for a formylaied peptide (N- 
formyl-Nle-Leu-Phe-Nle-Tyr-Lys)^" and a de- 
creased number of circulating Fc-receptor-bearing 
PMNS,^'-^' as compared to the same patients' 
PMNs before the dialysis procedure was initiated. 
These diree studies used the cell pellet from Ficoll- 
Hypaque (Pharmacia, Piscataway, NJ) separated 
blood. In a previous study, ®^ we have shown that 
after the initiation of HD, Ficoll-H>T>aque prepa- 
ration of PMNs from blood samples is not an ap- 
propriate method to analyze PMN ftmction since 
PMNs respond to C5a with alterations in cell den- 
sity and are lost from the cell pellet and appear 
with the mononuclear cells. Thus, the cell pellets 
of the previous studies would not be representative 
of the total population of PMNs. Previous postula- 
tion that there is a defeaive population of PMNs in 
circulation during the dialysis procedure may, in 
part, reflect the method of cell separation. Many 
of the studies mentioned previously^' 
used PMNs recovered in the cell pellet following 
Ficoll-Hypaque separation of blood obtained 
during the intradialysis period. Based on our re- 
sults, these cells would represent the unresponsive 
PMNs selectively isolated by the Ficoll-Hypaque 
procedure. Thus, interpretation of the previous 
finding is complicated by the procedures used to 
isolated PMNs, and the resultant data may not be 
representative of the entire PMN population. 

In addition to HD, other conditions and diseases 
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in patients that involve in vivo chemotactic factor 
activation include autoimmune disease (eg, sys- 
temic lupus erythematosus), infectious diseases, 
cardiopulmonary bypass, major bums, diabetes 
mellitus, and ARDS. Our results indicate that cau- 
tion should be taken in procedures used to isolate 
and evaluate PMN functions or responses in such 
patients where complement activation may have 
occurred. 

WBC FUNCTION IN CHftONIC 
PERITONEAL DIALYSIS PATIENTS 

Many factors contribute to the pathogenesis of 
peritonitis in CAPD patients. The most obvious is 
exogenous contamination from the skin disruption 
caused by the indwelling catheter In addition, 
ihere is potential contamination from tubing and 
bag exchanges. Whether CAPD induces abnor- 
malities in the normal host defense mechanisms of 
the peritoneal cavity has only recently been stud- 
ied. In general, there is a scarcity of literature on 
WBC function in patients on chronic PD. 

Due to the basic principles of peritoneal dialy- 
sis, patients almost always have large quantities of 
fluid in the peritoneal cavity. The changing of the 
fluid at least four times a day depletes the perito- 
neum of phagocytic cells and alters the physiologic 
environment. Commercial dialysis fluids have an 
initial pH as low as 5.2 with osmotic concentra- 
tions ranging from 275 to 479 mosm/kg (normal 
serum is 285 to 295 mosm/kg). In addition, the 
large fluid volume {usually 2 L) disrupts the nor- 
mal intraperitoneal circulation, which normally 
contains <50 mL of fluid. 

In CAPD patients, inflammation of the perito- 
neal cavity is usually contained locally vi^ithout a 
systemic response. In contrast to surgical patients 
with peritonitis, peripheral leukocytosis is gener- 
ally not seen in CAPD patients with bacterial peri- 
tonitis unless it is accompanied by extraperitoneal 
infection.^* *^ et al'^ suggested that peritoneal 
dialysis interferes with the normal mechanisms of 
lymphatic absorption and drainage, which impedes 
passage of the pathogens into the systemic circula- 
tion. This defect is most likely a result of the me* 
chanical factors associated with the instillation of 
large fluid volumes into the peritoneal cavity. Nor- 
mally, the peritoneal lymphatics are important in 
the removal of bacteria from the peritoneal cavity. 
The consequences of the altered lymphatic func- 
tion in CAPD patients are really not known. 



Hosi Defenses in the Peritoneal Cavity 

Most of the studies of WBC function in CAPD 
patients have focused on host defense mechanisms j 
of the peritoneal cavity and the effect of CAPD. : 
Studies on the cellular composition of peritonea] [ 
effluent show that the cellular response of the peri- 
toneal cavity to long-term peritoneal dialysis is \ 
largely monocytic. Peritonitis is accompanied by a : 
tremendous increase in celMarity primarily due to | 
an increase in PMNs,^^:**^ Normal effluents have j 
up to 50 WBC/pL, and in the presence of peri- ] 
tomtis, 100 to several diousand WBC/^L can be ; 
found,^* Following adequate treatnjent of peri- ; 
tonitis, the WBC count returns to normal and the 
cellular response becomes monocytic again. 

Commercial dialysis solutions adversely affect ; 
both the PMNs and monocytes. Hie function of ^ 
peritoneal macrophages may be temporarily com- , 
promised during the period following infusion of J 
the dialysate solution. This adverse effect is proba- | 
bly due to the low pH and high osmolality of the| 
fluid. Goldstein et aP' found that all mononuclear j 
cells {peripheral blood and peritoneal) that were ■ 
incubated in 100%, 50%, or 25% dialysate (pH| 
5.5, osmolality 310 to 5S0 mosm/kg) showed| 
complete loss of viability. Acijusting the pH to 7.43 
did not alter this loss of viability, implying that the| 
hypertonic solutions were the primary cause 6f| 
cell death. Another study showed that the dialy-| 
sate, after a four-hour intraperitoneal dwell pc-| 
nod, did not impair lymphocyte viability or 1ym-| 
phocyte transformation in response tc| 
phytohemagglutinin (PHA).^- Granulocyte func^ 
tion as determined by nitroblue tetrazolium reduc|| 
tion following in vitro exposure of the patients^ 
own cells or normal control cells to dialysate wa^| 
also unaffected. This same study showed that fresl^ 
dialysate killed 99% of the lymphocytes after m 
three-hour incubation in 4.25% dextrose solution! 
Using samples removed at inter\'als from the penff 
toneal cavity, another study showed all samples o^ 
removed dialysate fluid suppressed the activity of| 
peripheral WBC as measured by CL, phagocytc|i 
sis, and bacterial killing.'** Peripheral blood leuk^ 
cytes were suppressed 98.8% in their CL respons^:; 
following incubation in fresh dialysate solutionsl^; 
Within the peritoneal cavity, the pH of the ti^^^^t 
sate solution was adjusted to noninhibitory J€vel|| 
within 30 minutes, but the osmolality chang^ 
were less rapid and remained at inhibitory ^^^^ 
for fluids of 4.25% dextrose concentrations for#S 
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: pte-hour period studied. This first 30 minutes fol- 

]^vwng infusion of the dialysate solution is a criti- 
period since it is the time when the host de- 

l^nses must cope with a large influx of bacteria. 

&1C results of these three studies imply that phage- 
fcytic cells and lymphocytes may be seriously dam- 
Slged before the dialysate solution approaches iso- 
j^nicity and physiologic pH. 
% A study investigating bacterial growth in fresh 
^ spent didysaite jihowed that 5 aureus and S epi- 
tdermi^ did not survive in fresh dialysate, but 
rapidly in peritonea! effluents obtained from 
|jatieiite after the dwell time. This finding suggests 
Ihal these fluids are modified during dte intraperi- 
|oneal dwdl time to become suitable media for 
Abacterial growth. In contrast, £ coli grew well in 
|K>th pre- and postdialysis peritoneal fluid. Thus, 
|he survival of bacteria contaminating the perito- 
neal cavity is dependent on the microbial species 
m well as composition of the peritoneal cavity 
Ijfluici atthe time of their entry. Further experiments 
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showed that peritoneal macrophages, when 
present in sufficient numbers (at least lOVmL), 
were able to suppress bacterial growth.** Nor- 
mally, however, there would only be approxi- 
mately 1 X 10Mo5 X lO^cells/mL.'**" 

The studies that have been done to analyze host 
defense mechanisms in CAPD patients are sum- 
marized in Table 4. Using radiolabeled mi- 
croorganisms and either fresh or heated normal 
serum for opsonization, Veitrugh et al***^ showed 
that peritoneal macrophages phagocyiized op- 
sonized S aureus and S epidermidis as efficiently 
as PMNs from normal donors. These cells were 
also able to phagocytize nonopsonized S aureus. 
Phagocytosis of £ coll required the presence of 
heat-labile serum factors (probably complement- 
related), since 56°C4ieated serum was not opsonic 
for this strain. Using similar opsonization tech- 
niques as in their phagocytosis assay, this same 
study showed that peritoneal macrophages killed 
iliese three same strains of bacteria as efficiently 



Table 4. Host Defense Mechanisms in CAPO Patients 



Parameter 



Finding 


Factor Stimulus 


Ret. No. 


Mormal 


S epiderm'tdts. 






E coil ' S aureus 


IGO 


Normal 


S aureus, E ccii, 






S epidermidis 


97, too 


i 


C aibicans 


1G2 




Zymosan, PMA 


100 


T 


fMLP 


97 


Normal 


PMA 


97 


i 


C3, IgG 


100. 101 


T 


fMLP 


97 


Normal 


fMLR casein 


49, 5G 


X 


C5a 


49, 50 


Normai 


S aureus, E coU 


97 


Normal 


PUA 


48, 97 


i 


C5a, fMLP 


48 


Normal 


PMA 


48 


i 


CSa, fMLP 


48 


Normal 




49. 50 


Normal 


fMLP, casein 


49, 50 


i 


C5a 


49. 50 


i 


€5a. fMLP 


43 


Normal 


PMA 


48 


i 


C5a, fMLP 


48 


Normal 


PMA 


48 


i 


C5a, fMLP 


48 


Normal 


PMA 


48 


I 


C5a, fMLP 


48 



Iperitoneal monocytes/macrophages 
Phagocytic capacity 

j Saclericidai ability 



| CL {compared to noimal PMN) 

jChemotactic response pn vitro) 

' Hsd, generation 
[Opsonic activity of peritoneal fluid 
iPeripheral blood monocytes 

]Chemotactic response (tn vitro) 

Chemotactic receptors 



Bactericidal ability 
H2O2 generation 

Superoxide production 



|S;.>Pc receptors 
Peripheral neutrophils 
Chemotacttc receptors 

i 

j Chemotactic response (in vitro) 
I Sujperoxide anion production 

\ H^Oz generatibn 



1 



e 



MPO release 



i *See text for explanation. 
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as PMNs frcan normal donors. These results were 
verified by Goldstein et al'' using a similar assay 
and S aureus and E coli opsonized by pooled nor- 
mal human serum. They showed that bactericidal 
activity for S aureus and E coli by peripheral blood 
and peritoneal mononuclear cells from both CAPD 
patients and healthy controls was similar. (Hie 
peritoneal monocytes from healthy controls were 
obtained from women undergoing iaparoscopy.) 

To evaluate oxidative metabolism, CL of perito- 
neal macrophages was measured at rest and in re- 
sponse to opsonized zymosan (particulate stimu- 
lus) and PMA (nonparticulate stimulus). 
Stimulation by zymosan or PMA showed that 
these cells had only 36% and 32% of the CL re- 
sponse of healthy donor PMNs, respectivdy. Peri- 
toneal macrophages, however, showed an oxida- 
tive burst in response to these stimuli as evidenced 
by an 11 -fold increase in CL over resting values. 
Although these results were not compared to any 
normal cells, the uptake of by peritoneal mac- 
rophages wvts accompanied by an increase in the 
rate of hexose monophosphate shunt activity.'**** 

Peterson et al investigated the interaction of 
peritoneal macrophages from uninfected CAPD 
patients with Caibicans. Their findings showed 
a barely detectable CL response of these macro- 
phages to the Candida and they killed only 1 3 % of 
the organi.sms. In addition, diere were decreased 
levels of MPO in these macrophages and deficient 
superoxide production during phagocytosis of the 
Candida, 

Using the chemoaitractant fMLP, Goldstein et 
al'*^ found that both monocytes from peripheral 
blood and the peritoneal cavity of CAPD patients 
had a significantly higher in vitro chemotactic in- 
dex than monocytes from the peripheral blood and 
peritoneal cavity of healthy volunteers. In addi- 
tion, they found diat the chemotactic response of 
peripheral blood monocytes from HD patients was 
similar to normal controls. Hydrogen peroxide 
stimulation in response to PMA showed similar 
levels of production in peripheral blood monocytes 
and peritoneal macrophages from both CAPD pa- 
tients and normal controls. 

The opsonic ability of peritoneal effluents has 
been described in two different studies.**^ ***' The 
concentratioas of IgG and C3 were determined in 
both serum and peritoneal diaiysate efOuents in 
CAPD patients. Although the patients' serum con- 
centrations of both IgG and C3 were within the 



normal range, the peritonea! dialysis effta^tei 
from CAPD patients contained only approximately | 
1% of these important opsonic molecules. | 
Normally, peritoneal fluid has IgG and C3 concen- | 
trations comparable to that fbimd in serum J**^ | 

Hiese decreased levels of IgG and C3 suggest! 
that CAPD patients have critical defects in the cp- | 
sonic activity in the peritoneal cavity. When thef 
opsonic activity of peritoneal effluents was tested,^' 
this activity for S epidermidis was approximatdy| 
1 % of that in normal serum. The opsonic activit}^ 
of dialysis effluent and serum was primarily hm^i 
stable because heat inactivation did not apprer| 
ciably alter opsonization of S epidemudis. In con-f 
trast to normal serum, the dialysis effluent had no| 
effect in promoting phagocytosis of £ coli. This| 
would be an expected finding with the virtual ab-| 
sence of C3 in the dialysis effluent. The previous| 
phagocytosis studies described indicated that pha-| 
gocytosis of £ coli occurs predominately via C3b| 
or C3bi receptors on the surface of peritoneal raac-| 
rophages. There was a significant correlation be-| 
tween dialysis effluent opsonic activity and diaiy-j v 
sis effluent IgG concentration, as measured by| 
percent uptake of S epidemudis by peritoneal mac^ 
rophages. Although a low IgG concentration! 
was associated with low opsonic activity, a highl 
IgG concentration was not always associated withj 
high opsonic activii)^ suggesting there are other| 
contributing factors such as antibody specificiry| 
for opsonization. % 

The relationship between opsonic activity and| 
peritonitis was demonstrated in a prospecti^^ 
study designed to correlate levels of heat-stablc| 
opsonic activity and IgG concentrations with the| 
incidence of peritonitis.^*** Although there was a| 
wide range of heat-stable opsonic aaivity in PI^ 
effluents among the patients, this activity was rda| 
tively constant in each patient. The findings indi| 
cated that patients widi low opsonic activity had 
significantly greater incidence of S epidermidis^ 
peritonitis than those with high activity in the pen| 
toneal effluent. The ft^quency of potential exp<^ 
sure to S epidermidis compared with E coli sug| 
gests that the deficiency in opsonic activity againistj 
5 epidermidis has greater clinical significance. |[ 
The results of these studies on host defenses i^ 
the peritoneal cavity indicate that there are inad^| 
quale numbers of macrophages (per fluid volun^ 
as well as low levels of opsonins. Thus, the cu^| 
rent CAPD method removes actively phagocy^f 
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'WSiS and opsonins from the peritoneal cavity and 
M^lls fluid that dilutes the number of remaining 
macrophages. These studies suggest 
Kt local cellular and humoral mechanisms of de- 
^Dse are inadequate for protection of CAPD pa- 
iients against peritonitis. 

^fiphercd WBQ Function 
iv A series of studies from this l^ratory using 
Peripheral WBC from CAPD patients to evaluate 
fahemotactic receptors, chemotaxis, and chemotac- 
fec-factornmediated functional responses showed 
phat, similar to the HD patients studied, there was 
idecreased availability of C5a receptors on both the 
^^eripherd blood PMNs and monocytes of CAPD 
Ijitients,**-^ In addition, there were fewer C5a re- 
IcqJtor-positive monocytes in the CAPD patients 
Icompared with the HD patients. There were no 
Isignificant differences between CAPD patients 
land normal controls in the binding of casein to 
teiihcr PMNs or monocytes. Although there was no 
{difference (compared to controls) in the percent- 
lage of PMNs that bound fMLPL, there was a de- 
^pjease in the fMLPL-reccptor-bearing monocytes. 
I It is more difficult to explain the decrease in C5a 
ireceptor-positive PMNs in the CAPD patients 
pcompared with HD patients) because they are not 
flestposed to continuous generation of C5a second- 
[ary to complement activation of the HD mem- 
ibrane- It may be that the indwelling peritoneal 
[catheter and the continual chemical stimulation of 
Jthc diaiysate solution has an activation effect on 
i the complement system. This complement activa- 
tion could produce enough C5a to ultimately block 
the C5a receptors on circulating cells, although 
evidence for this does not currently exist. Another 
; C5;planation may be that all CRF patients, regard- 
| lcss of trcaunent, have decreased C5a-receptor- 
tposrtive PMNs and monocytes. In the previously 
xited study by Chenoweth et al^^ they found not 
^nly an increase m plasma C5a levels in the HD 
patients biu also in untreated uremic patients. 
Thus, it may be that the disease itself stimulates 
continual genertion of C5a. 
! The data we obtained from the monocytes of 
CAPD patients {as compared to the controls) indi- 
oted a much lower percentage of C5a-rcceptor- 
i pbsidve monocytes as well as a moderate decrease 
m the fMLPL-recepior-positive monocytes/***^** A 
Ipbssible explanation for these findings, compared 
f v^^th the PMN data, is that the C5a- and fMLPL- 



positive monoc>i2es may be continually mobilized 
to the peritoneal cavity and subsequendy remo\'ed 
in the peritoneal effluents. Studies on cellular 
composition of peritoneal effluents have shown 
that the cellular response of the peritoneal cavity to 
long-term peritoneal dialysis is largely mono- 
cytic. '^^^ A previous study by Alteri and 
Leonard*^^ showed that monocytes that repopulate 
the circulation following leukapheresis have a re- 
duced chemotactic response to fMLP and C5a. 
Therefore^ it may be that the current CAPD 
method removes the chemotactic-responsive 
monocytes, while replacement of monoc\tes to the 
circulation may represent immature monocytes 
lacking the full expression of C5a and fMLP re- 
ceptors. 

When the in vitro chemotactic responsiveness of 
PMNs from CAPD patients was determined, we 
found no difference in the random migration be- 
tween controls and patients. There was, however, 
a significant decrease in the directional migration 
of PMNs in response to both C5a and fMLR*« 

Cheraotactic-factor-mediated functional re- 
sponses were determined by assessing superoxide 
anion generation, H^Oj production, and MPO re- 
lease.^* All three of these responses were signifi- 
cantly decreased when C5a or fMLP were used as 
sumuli. When either PMNs or monocytes were 
stimulated with PMA, however, there was no dif- 
ference between the dialysis patients and normal 
controls. Goldstein et aP^ also showed that there 
were similar levels of H^Oj production in periph- 
eral monocytes in response to PMA. 

Although the decrease in chemotactic-faaor- 
mediated responses with C5a as a stimulus would 
be an expected resuh since there is down-regula- 
tion of C5a receptors, similar findings with 
fMLP-siimulated responses are not as easy to ex- 
plain. The decreased responses with fMLP were 
not as dramatic when compared with C5a, yet they 
were all statistically significant. Similar to HD pa- 
tients, these data suggest tliai PMNs and monocytes 
from CAPD patients are desensitized to chemotac- 
tic factors, including the specific factor (C5a) as 
well as a nonspecific factor (fMLP). 

Previous studies done by Nelson et ai^« '<^ sug- 
gested that while the specific component of che- 
motactic factor deactivation is due to down- regula- 
tion of the receptor for the specific chemotactic 
factor, the nonspecific components are possibly 
due to autooxidative reaction, aggregation and in- 
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creased adherence, and polymerization of micro- 
filaments and microtubules. The findings in the 
studies by Nelson et al would explain our resuhs 
with decreased PMN and monocyte functional re- 
sponses to both C5a and fMLP. There would be 
specific desensitization to C5a and nonspecific de- 
scnsitization to fMLP 

Our results suggest that in addition to down-reg- 
ulation of the C5a receptor, these patients' PMNs 
and monocytes are desensitized or deactivated to 
other chemotactic factor stimuli because there is 
exhaustion, inhibition, or inactivation of a postre- 
ccptor metabolic event critical to the intniceliular 
response - 

The phagocytic, bactericidal, and chemotactic in 
vitro functions of peripheral blood PMNs from 
both peritoneal dialysis and HD patients has been 
compared in two different studies.^* '•^ Huttunen ei 
al found that phagocytosis of S epidermidis was 
normal in CAPD patients but significantly im- 
paired in HD patients.*^ The intracellular killing 
of S aureus was normal in both groups. The che- 
motaaic function of PMNs, however, seemed to 
be bener for CAPD than HD patients when heat- 
inactivated serum, zymosan, or casein were used 
as chemoattractants. In contrast, the chemotactic 
response to S aureus was better in HD patients 
than in CAPD patients in whom it was signifi- 
cantly impaired when compared with the normal 
controls or the HD patients. 

The findings of Salant et aP* differed to some 
extent from those reported by Huttunen et al. The 
peritonea] dialysis patients in Salant 's study wre 
on intermittent peritoneal dialysis (IPD) compared 
with CAPD in Hutmnen's study. In Salant's study, 
phagocytosis of C albicans was slightly depressed 
in both IPD and HD patients as compared to the 
controls, although the majority of patients in these 
groups had results that fell within the normal 
range. Although the sera from occasional patients 
had slightly depressed opsonic activity the patient 
groups did not differ from the controls, indicating 
the sera could function normally for phagocytosis. 
Bacterial killing of S aureus by PMNs from either 
group of dialysis patients was similar to the control 
group. Although a few patients in each dialysis 
group showed normal PMN chemoiaxis to endo- 
loxin-activated normal serum, both groups showed 
significant depression when compared with the 
controls. However, the IPD patients had less 
severe chemotaaic defects than HD patients and 



many were within the normal range. An additional 
set of experiments showed that the sera from either 
group of patients, when activated by endotoxin, 
were significandy less chemotactic for normal 
PMNs than control serum. 

The results of these studies on peripheral WBC 
function in CAPD patients indicate that available 
C5a receptors arc decreased on bodi PMNs and 
monocytes. In addition, in vitro PMN chemoiaxis ] 
and chemotactic-factor-mediated responses such ; 
as superoxide anion generation, H2O2 production, ! 
and MPO release are significantly decreased. 

DISCUSSION 

Although the factors contributing to die in- 
creased susceptibility to infection in dialysis pa- 
tients are mullifaceted, a common finding in many 
studies is that peripheral PMNs and monocytes 
from both HD and CAPD patients have decreed 
C5a receptors and decreased chemotacdc-factor- 
mediated responses. In CAPD patients, the com- 
mercial peritoneal dialysate solutions adversely af- 
fect (at least temporarily) the function of both 
peritoneal PMNs and macrophages. In addition, in 
CAPD patients, there are significant defects in the . 
opsonic activity in the peritoneal cavity as well as 
inadequate numbers and possible functional re- 
sponsiveness of macrophages. Although it is diffi- 
cult to attribute the increased incidence of infec- 
tion in dialysis patients to a single problem, the 
cumulative effect of a reduction in C5a receptors 
and functional responses in HD and CAPD pa- 
dents, as well as the superimposed lack of opsonic 
aaivity in peritoneal fluids in CAPD patients, may 
be a major cause for increased infection in these 
patients. 

Possible treatment strategies to decrease die in- 
cidence of infection in dialysis patients can be 
directed toward the use of HD membranes with 
less complement-acdvating ability and enhance- 
ment of local defense mechanisms in the peritoneal 
cavity of CAPD patients. The host defense mecha- 
nisms could possibly be augmented by the addition 
of opsonins (eg, IgG) to peritoneal dialysis solu- 
tions. In addition, effective dialysate solutions 
need to be developed whose chemical composition 
and pH will have less of an adverse effect on peri- 
toneal macrophage function. 
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